STUDY QUESTION: Is academic performance in adolescents aged 15-16 years and conceived after ART, measured as test scores in ninth grade, comparable to that for spontaneously conceived (SC) adolescents?
Introduction
Since the first baby was born after IVF in 1978, concern has been raised regarding the possible negative impacts of ART on the offspring.
Studies on long-term outcomes in ART children are inconsistent. While some studies have observed an increased risk of impaired behavioural or socio-emotional development, cognitive and psychomotor development and an increased risk of other mental disorders such as attention-deficit/hyperactivity disorder (ADHD) (Levy-Shiff et al., 1998; Knoester et al., 2008; Kallen et al., 2011; Svahn et al., 2015) , other studies have found no increased risk of mental disorders, cognitive, neuromotor and emotional or behavioural development and no increased risk of neurological sequelae in ART children (Levy-Shiff et al., 1998; Pinborg et al., 2004; Ponjaert-Kristoffersen et al., 2004 , 2005 Zhu et al., 2006; Ludwig et al., 2009; Bay et al., 2013) . Cognitive development in ART children born after different conception methods, such as IVF and ICSI, has been explored with diverging conclusions, as some studies have found ICSI children to have delayed cognitive development (Bowen et al., 1998; Knoester et al., 2008; Goldbeck et al., 2009) while others have shown no difference in IVF and ICSI children (Bonduelle et al., 2003; Leslie et al., 2003; Ponjaert-Kristoffersen et al., 2005; Wennerholm et al., 2006) .
ART children have an increased risk of poor perinatal outcome such as preterm birth and low birthweight, mainly due to the high twin birth rates (Pinborg, 2005) . But ART singletons also carry an increased risk of preterm birth and low birthweight as compared with their spontaneously conceived (SC) counterparts (Pandey et al., 2012; Pinborg et al., 2013; Ensing et al., 2015) . Moreover, ART treatment methods, such as oocyte donation and frozen embryo transfer, may result in altered perinatal outcomes (Malchau et al., 2013; Pinborg et al., 2013) . The higher risk of poor perinatal outcome may affect the intelligence quotient (IQ) of the children negatively (Bhutta et al., 2002; Shenkin et al., 2004) .
The Danish school system
All children entering public or private schools in Denmark are required to complete the same standardized written and oral exams after the ninth grade when finalizing lower secondary school.
The exam test scores are measured using a standardized 7-pointmarking scale (from −3 to 12), that is directly comparable to the European Credit Transfer and Accumulation System (ECTS) grading scale (from F to A). ECTS is a marking scale made by the European Commission to facilitate comparability across borders. The standardized test scores are therefore comparable on a national and international level and an easier tool to measure academic performance in larger cohorts of adolescents compared with IQ tests. An average score is calculated for each student based on both the overall exam score and a teacher's score.
In Denmark, the ninth grade test scores give access to high schools which qualify for future higher level education; hence, the test scores are of great importance for the individual adolescent's educational opportunities. Since the exams are oral and written, academic as well as social skills influence the score level.
The aim of this study was to explore whether adolescents conceived after ART and aged 15-16 years achieve ninth grade test scores, which are comparable to test scores of SC adolescents and whether ART singletons and ART twins perform similarly.
Materials and Methods

Study population
This study compared a national register-based cohort, including an ART singleton and ART twin population, and two control populations, which have been described in more detail in previous publications (Fedder et al., 2013; Malchau et al., 2013) . In short, the ART populations consist of all 4766 adolescents (n = 2836 singletons and n = 1930 twins) conceived after IVF or ICSI from 1 January 1995 to 31 December 1998. For the same study period, two control groups were selected from the Danish Medical Birth registry: (i) a random sample of SC singletons matched 2:1 on date of birth to the ART singleton population (n = 5660) and (ii) all SC twins born in the study period (n = 7064). We excluded adolescents conceived after frozen embryo transfer (n = 390) or oocyte donation (n = 80). As intrauterine insemination (IUI) treatments were not recorded in the IVF registry until 2007, adolescents conceived by IUI are included in the control groups. Our study population of adolescents born from 1995 to 1998 was selected to ensure that the great majority of the adolescents were aged 15-16 years and thereby had finished the ninth grade exam at the end of lower secondary school. We excluded nine children who had died between birth and follow-up (two ART singletons, one SC singleton and six SC twins).
National IVF registry
The Danish IVF registry is a mandatory cycle-based registry collecting information from all public and private fertility clinics in Denmark, including data on the type of ART treatment (IVF/ICSI) and treatment outcome. All citizens, who are born in Denmark, receive a personal identification number (PIN) immediately after birth, which is unique for that person. This PIN code is used in all national health registries. We used the maternal PIN code to cross-link data from the IVF registry with the Danish Medical Birth registry in terms of deliveries and outcomes. Data on perinatal outcomes were replaced by missing values if not included in the following intervals: gestational age 140-308 days, birthweight 200-6500 g and maternal parity <20.
According to Danish legislation, studies based solely on registry data, and with no personal involvement of the participants, do not require approval from a scientific ethics committee. The study was approved by the Danish Data Protection Agency (CVR no. 11-88-37-29 and Journal no. 2012-41-0848 ).
Outcomes and covariates
Based on maternal and child PIN codes, we retrieved data on academic test scores and socio-demographic characteristics from Statistics Denmark, which is the central authority of recording statistics on all Danish citizens.
Education of children up to adolescence is compulsory by law in Denmark. The public and private school systems have similar structure and include 10 years of education: 1 year of preschool and in total 9 years of primary and secondary school. After the ninth grade, all Danish adolescents aged 15-16 years are required to complete a general test of academic achievements, common for both public and private schools. The test covers mandatory subjects of academic achievements including Danish (oral, written), foreign languages (oral), mathematics (written) and physics/chemistry (oral). Scores for the general academic level throughout the year, a score given by the affiliated teachers, supplement each exam score.
The exam test and the score of the school year are marked by a 7-point-marking scale from −3 to 12. The average score is 7 and corresponds to the average score C of the ECTS scale. We used a mean test score based on a total mean of both the exam test scores and the teacher's scores of all the mandatory subjects and a specific mean test score for each of the mandatory subjects.
Because the overall average test score is obligatory and is used for admission to higher education in the Danish educational system, it is a valid measure to evaluate the general academic performance of adolescents.
Statistical analysis
Descriptive comparisons of ART and SC adolescents, singletons and twins, were made using Student's t-test for normally distributed continuous data, the Kruskal-Wallis test for non-normally distributed continuous data and the Chi-square test for categorical data.
Test scores were compared firstly in univariate analysis (Model 1) and secondly in a multivariate linear model (Model 2), which included the following covariates: maternal age (continuous variable), parity (<1 or ≥1), parents cohabiting at time of adolescents' graduation (yes/no), Danish ethnicity (yes/no), highest educational level of the parents (low, middle, high, highest), highest occupational level of the parents in five categories ((i) recipient of transfer income; (ii) other employee; (iii) employed, medium and lowest educational level; (iv) employed, highest educational level; (v) self-employed and chief executive), area of residence (five Danish regions), child sex (male/female) and graduation year (2010, 2011, 2012, 2013 and 2014) . We also analysed the effect of parent educational level on the adjusted mean test score between the lowest and highest educational level. Birthweight and gestational age were not included in Model 2 since these factors are considered mediators on the causal pathway of ART and academic performance. To investigate whether a potential difference between ART and SC could be explained by the higher proportion of preterm births (gestational age <37 weeks) and low birth weights (birthweight <2500 g) in the ART cohort, these factors were added as explanatory variables together with the other confounders in Model 3.
Linear mixed models were used to account for the correlation in exam test scores of twins and siblings. The adequacy of the linear models was assessed by residual diagnostics.
IVF and ICSI adolescents, singletons and twins were compared in univariate (Model 1) and multivariate (Model 2) analysis. Sensitivity analyses were made for adolescents born in years 1995-1997 to ensure that results were not biased due to a higher proportion of missing test scores for adolescents born in 1998 as some of these children had not yet reached the age to pass the graduation tests at the time of data retrieval.
Finally, to investigate the risk of missing or failing (test score <2) the exams, we performed univariate and multivariate logistic regression analyses comparing the risk of a missing or failing test score in ART and SC adolescents. Multivariate analyses included the same confounding factors as the aforementioned except for 'graduation year'. We used generalized estimation equations to account for the correlation of missing and failed tests between twins and siblings.
Covariates were chosen a priori based on the current knowledge on factors influencing academic performance. We made a choice not to include family income as a covariate in the model due to substantial co-linearity with parental education and occupation.
All analyses were performed with IBM SPSS Statistics 19. A P-value <0.05 was considered statistically significant.
Results
Overall, 2836 ART singletons and 1930 ART twins were eligible for the study and 5660 SC singletons were included as controls. The 7064 SC twins born during the study period comprised the SC twin controls. For the birth cohorts 1995-1997, we obtained ninth grade test scores on 95.2% of the ART singletons, 92.6% of the SC singletons, 94.7% of the ART twins and 93.0% of the SC twins (Table I ). For the children born in 1998, a lower proportion was registered with ninth grade test scores as some of the children would not have graduated at the time of data retrieval, because they were too young (Table I ). In the crude analyses, significantly more ART singletons were registered with test scores compared with both SC singletons and ART twins (Table I) .
However, after adjustment for confounding factors, the risk of not having test scores registered was equal in ART and SC singletons. ART twins were more likely to be recorded with missing test scores compared with SC twins with an adjusted odds ratio (aOR) 1.38 (95% CI 1.09-1.75). Comparing the risk of missing test scores in ART singletons vs ART twins showed an aOR of 0.76 (95% CI 0.61-0.95) ( Table I ). The sensitivity analyses including only adolescents born in 1995-1997 yielded no significant difference in the adjusted risk of having missing test scores between any of the groups.
Adolescent and parental background characteristics
As expected, compared with their SC counterparts, both ART singletons and twins were more likely to be born with low birthweight and preterm birth (Table II) . ART adolescents were older at the time of graduation, they had significantly older mothers, they were more often firstborn and their parents were more often cohabiting at the time of the ninth grade graduation compared with SC adolescents (Table II) . Further, parents of ART adolescents were more often of Danish ethnicity, and they had higher educational and occupational levels than parents of SC adolescents.
The ART singletons and ART twins differed with regard to low birthweight, preterm birth, age at the time of graduation, maternal age, parity and Danish ethnicity. Area of residence varied between ART singletons, ART twins, SC singletons and SC twins (Table II) .
Test scores after the ninth grade
Crude overall mean test score for ART singletons was 7.16 (SD 2.41), which was significantly higher than for SC singletons 6.74 (SD 2.46), and the mean difference was +0.41 (95% CI 0.30-0.53) (Model 1) (Table III) . Similarly, crude mean test score for ART twins was significantly higher than for SC twins 7.21 (SD 2.31) vs 6.78 (SD 2.50) (mean difference +0.45 (95% CI 0.28-0.62)) (Table III) . No significant difference was observed between ART singletons and twins in the crude test scores (Table III) .
In the multivariate regression analyses, ART singletons had significantly lower overall mean test scores (adjusted mean difference −0.15 (95% CI −0.29−(−0.02))) and significantly lower test scores in mathematics (adjusted mean difference −0.24 (95% CI −0.40−(−0.08))) and in physics/chemistry (adjusted mean difference −0.21 (95% CI −0.39 −(−0.03))) than SC singletons (Model 2) ( Table III) . The multivariate analyses did not yield any differences in test scores between ART and SC twins (Model 2 in Table III) . ART singletons and twins had similarly adjusted mean test scores except for physics/chemistry, where ART singletons had a lower adjusted mean test score than ART twins (mean difference of −0.22 (95% CI −0.43−(−0.02))) (Model 2 in Table III) .
IVF and ICSI adolescents stratified for singletons and twins had similar crude and adjusted mean test scores (Model 1) (Model 2) (Table SI) .
In the pooled analyses of ART and SC singletons, the adjusted mean difference of test score was +2.05 (95% CI 1.82-2.28), higher for adolescents from families with the highest educational level vs families with the lowest educational level.
Birthweight and gestational age
Including preterm birth or low birthweight categories as covariates in the multivariate analyses did not make any significant changes in the mean difference of test scores between the groups compared to (Model 3) (data not shown).
Sensitivity analyses on adolescents born 1995-1997
Sensitivity analyses on mean test scores for adolescents born from 1995 to 1997 resulted in estimated adjusted mean differences that were similar to those based on the full cohorts. However, as the sample size was reduced, CIs became wider. In particular, the mean difference in overall test scores between ART and SC singletons was no longer statistically significant −0.13 (95% CI −0.28−0.03) similar to the difference in mean test score for physics/chemistry −0.21 (95% CI −0.42−0.00) (Table IV) . For mathematics, the difference between ART and SC singletons remained significant −0.23 (95% CI −0.42−0.04).
In the sensitivity analyses, ART singletons achieved a lower mean test score in physics/chemistry than ART twins with an adjusted mean difference of −0.28 (95% CI −0.52−0.04) (Table IV) .
Sensitivity analyses on adolescents with failing test scores (grade <2)
In the adjusted analysis, the proportions of adolescents with failing test scores (grade <2) were similar across the groups, except for ART singletons, who were more likely to fail an exam in mathematics, English and physics/chemistry compared with ART twins (Table SII) .
Adolescents with total missing test scores
In all groups, adolescents with total missing test scores were less likely to have cohabiting parents and their parents had lower educational and occupational level than adolescents who were registered with test scores (Table SIII) . Furthermore, they were more often born preterm or with low birth weight and were more often males.
SC singletons and ART twins with total missing test scores were more often of non-Danish ethnicity.
Discussion
This nationwide study is the first to compare exam test scores from a standardized national test achieved by adolescents conceived with or without ART treatment. The main finding was that ART adolescents achieved higher crude mean test scores than SC adolescents but after adjustment for parent's educational and occupational levels ART singletons had slightly lower overall mean test scores than SC singletons because of lower mean scores in mathematics and physics/chemistry. Furthermore, academic performance in adolescence was similar in ART singletons and ART twins, in both the crude and adjusted analyses, except for the adjusted mean scores of physics/chemistry, where ART singletons performed slightly less well than ART twins. IVF and ICSI adolescents had similar academic performance in both the crude and adjusted analyses for both singletons and twins.
Comparison with previous studies
An earlier study has shown a strong correlation between IQ and academic performance (Naglieri and Bornstein, 2003) . In our study, we used academic performance as an outcome measure of cognitive development while most previous studies have examined IQ.
Several studies have assessed different aspects of cognitive development in ART preschool children up to the age of 5 years, while fewer studies have included school children and adolescents. The vast majority have adjusted for relevant confounders but have rather limited sample sizes and modest participation rates.
In preschool children, most studies have shown that IVF and ICSI children have psychomotor, cognitive or IQ level and behavioural development similar to that of spontaneously conceived (SC) children (Cederblad et al., 1996; Leslie et al., 2003; Place and Englert, 2003; Ludwig et al., 2009; Sanchez-Albisua et al., 2011; Bay et al., 2014 ). An international collaborative study including children from several European countries is one of the largest on cognitive and motor development of 5-year-old ICSI-conceived children (n = 511) vs IVF (n = 424) and SC (n = 488) children (Ponjaert-Kristoffersen et al., 2005) . Apart from a few interaction effects between mode of conception and demographic variables, no differences were found in ICSI, IVF and SC children's scores in standardized tests of neuromotor and cognitive development. However, the authors conclude that demographic factors such as maternal educational level and maternal age may affect the cognitive development of IVF and ICSI children, compared with SC children (Ponjaert-Kristoffersen et al., 2005) .
For school children aged 8-10 years, results are contradictory which is explained by the major drawbacks of these studies, namely their limited sample sizes and participation rates and heterogeneous selection of controls leaving a high risk of bias. An Israeli study including termborn children at the age of 10 years concluded that IVF children (n = 51) have the same IQ as SC children (n = 51) (Levy-Shiff et al., 1998). Two Belgian studies on ICSI children aged 8 years (n = 151) and 10 years (n = 109), respectively, compared with SC singletons (n = 109 aged 8 years and n = 90 aged 10 years) confirmed their results (Leunens et al., 2006 (Leunens et al., , 2008 . One study from the Netherlands found lower IQ levels with children at the age of 5-8 years born after ICSI (n = 83) having lower scores than IVF children (n = 83) and an SC control population (n = 85) (Knoester et al., 2008) .
Only a few studies have examined academic achievements in adolescents. A Dutch cohort study (n = 233 IVF; n = 233 SC) and a US study (n = 308 IVF; n = 423 SC), including children and adolescents, showed good academic achievements in IVF children and adolescents compared with their SC counterparts (Wagenaar et al., 2008; Mains et al., 2010) . In the Dutch study, including 8-to 18-year-old children, the participation rate was only 69% in IVF vs 51% in SC children (Wagenaar et al., 2008) . The US study showed that the IVF offspring aged 8-17 years scored higher than their matched peers in standardized tests across all Overall: mean test scores including all mandatory subjects (Danish, Mathematics, English, Physics/chemistry). *Estimated differences in test scores obtained from a general linear model (singletons) and linear mixed model (twins) which included the following confounders:
Model 1: Unadjusted. Model 2: Adjusted for the following confounders: maternal age, parity of the mother, cohabiting status, ethnicity, highest educational and occupational level of the parents, area of residence, child gender and graduation year. Statistically significant differences are shown in bold.
grades and subtests, but a great drawback was a decline rate of 40.6% in their study (Mains et al., 2010) . In line with our study, they showed that parental educational level, maternal age and marital status were significant predictors of high academic performance. Furthermore, an Australian study based on structured telephone interviews with mothers and adolescents explored self-reported educational achievement comparing ART (n = 705) with SC (n = 868) adolescents yielded similar educational achievements in young adults aged 18-28 years (Halliday et al., 2014) . In the Australian study, 80% of the ART mothers were traced and of those only 55% participated. A Dutch study including children aged 12 years (n = 139 IVF; n = 143 SC) measured information processing, attention and visual-motor function through various neuropsychological tests and then related these data to blood pressure and glucose levels (Wagenaar et al., 2009) . They showed no differences between IVF and control adolescents apart from a slight difference between the two groups for motor speed, although these scores were within the normal range for the test. No direct association was found between the cognitive measures and cardiometabolic outcomes (Wagenaar et al., 2009) . Response rates were similar to Wagenaar et al. (2008) ; 69% and 51% in IVF and controls, respectively.
Most of the aforementioned studies are included in a comprehensive systematic review by Haart and Norman (2013), which concluded that in general, the longer term mental and emotional health outcomes for IVF children are reassuring, and are very similar to those of SC children (Hart and Norman, 2013) . This systematic review included 87 studies on mental health and development outcomes in ART offspring but very few studies on academic performance in adolescence. As the review includes all relevant literature, it is worthwhile mentioning that their results are in line with our results, showing few and small differences between ART and SC children in mental health overall.
Academic performance in twins
Two large cohort studies have shown that twins born before and in the 1950s have cognitive disadvantages compared with singletons (Deary et al., 2005; Ronalds et al., 2005) . However, a Danish registry study explored ninth grade test scores in twins (n = 3411) and singletons (n = 7796) and found no significant differences except that twins performed slightly better in mathematics +0.13 (95% CI 0.03-0.23) (Christensen et al., 2006) , which is in line with our finding of better mean test scores in physics/chemistry in ART twins compared with ART singletons. They suggested that improvement of obstetric and paediatric practices may have ameliorated the earlier identified cognitive disadvantage in twins. However, Christensen et al. did not include information on conception method. In our study, the better test score in physics/chemistry in ART twins vs ART singletons may be explained by the higher mean age of twins at the time of graduation. In contrast, a Chinese study comparing preschool ART twins with ART singletons found significant lower cognitive developments among twins born after IVF but not after ICSI (Xing et al., 2014) . This may be due to the fact that younger children were included in the Chinese study, while the Danish studies looked at adolescent twins, who might catch up in academic performance over the years. All of the aforementioned studies made adjustments for various confounders including educational level of the parents. 1995-1998 1995-1997 1995-1998 1995-1997 1995-1998 1995-1997 Adjusted mean difference (95% Cl)* P-value Adjusted mean Overall: mean test scores including all mandatory subjects (Danish, Mathematics, English, Physics/chemistry).
*Mean differences in test scores were compared in general linear model and linear mixed model with adjustment for the following confounders: maternal age, parity of the mother, cohabiting status, ethnicity, highest educational and occupational level of the parents, area of residence, child gender and graduation year. Statistically significant differences are shown in bold.
Academic performance in IVF and ICSI adolescents
Previous studies regarding comparisons of IQ and academic performance of IVF and ICSI children aged 1-10 years are inconsistent. Three smaller studies with sample size <90 in each group found that ICSI children have a delayed cognitive function (Bowen et al., 1998; Knoester et al., 2008; Goldbeck et al., 2009 ) compared with IVF children, while some larger studies showed no difference in cognitive function between IVF and ICSI children (Bonduelle et al., 2003; Leslie et al., 2003; Ponjaert-Kristoffersen et al., 2005; Wennerholm et al., 2006) . The inconsistency between studies may be due to small sample sizes. Our study is the largest published on academic performance in adolescents aged 15-16 years, and our results are in line with the previous largest studies which conclude that IVF and ICSI children have similar cognitive development.
Strengths and limitations
The strengths of our study are the national cohort design and the use of a standardized test performed by all students ending secondary school in Denmark, making this study the largest worldwide on academic performance in ART adolescents with a very high participation rate of 93.4% of the adolescents born between 1995 and 1997.
Additionally, we were able to take into account a wide range of relevant confounders for adolescents and parents, which is of importance as the study and control groups showed heterogeneity regarding most of these parameters. These differences in background data were expected, as earlier studies have found higher socioeconomic status and mean age in parents who conceived after ART treatment compared with the general population (Schmidt et al., 1995) .
A recent Danish cohort study exploring predictors of intelligence at the age of 5 years showed that parental education and maternal IQ are the most important predictors of IQ level of the child (Eriksen et al., 2013) , which confirms a previous German study (Shenkin et al., 2004) .
High maternal BMI and smoking during pregnancy are parameters that have shown a negative impact on long-term child outcomes such as IQ (Kupka et al., 2014 ). As we were not able to adjust for maternal IQ, BMI and smoking, these parameters may cause residual confounding. However, BMI and smoking are correlated with socioeconomic factors which we do adjust for (Eek et al., 2010; Toft et al., 2015) . The Danish follow-up study by Bay et al. (2014) exploring IQ in 5-year-old ART children found no differences in maternal IQ, self-reported maternal BMI or smoking between ART and SC mothers. Hence, we do not expect these parameters to be of considerable influence in our study.
Similar to previous studies, our results revealed that educational and occupational level of the parents has the highest impact on the academic performance of the offspring (Shenkin et al., 2004; Eriksen et al., 2013) . For ART and SC singletons from families with the highest educational level, the adjusted mean difference in test score was +2.05 (95% CI 1.82-2.28) higher than in families with lowest educational level (data not shown). Additionally, a high occupational level of the parent, being the firstborn, having cohabiting parents, Danish ethnicity and being of female gender were also significant predictors of higher test scores in the ART vs SC singleton multivariate comparisons, more significant than ART treatment. Higher maternal age also had a significantly positive influence on academic performance in the children.
To avoid bias from other ART methods with different perinatal risk profiles, we excluded children conceived by oocyte donation and frozen embryo transfer (Malchau et al., 2013; Pinborg et al., 2013) .
In our analyses, explained variance (R 2 ) was <1% in the univariate and 21% in the multivariate analyses, suggesting that the included covariates were important (data not shown).
Missing test scores
Of the adolescents born from 1995 to 1997, 93.4% were registered with educational test scores after the ninth grade, which is higher than the registration level of 84% in the previous Danish study including adolescents from 1986 to 1988 (Christensen et al., 2006 Only 74.8% of the adolescents born in the year 1998 had test scores recorded, which is explained by the fact that some of these adolescents were too young to have yet graduated when the data were collected.
Although the frequency of missing test scores was 6.6%, it should be emphasized that the risk of selection bias in our study is considerably lower than in smaller case-control studies with highly selected ART and control groups, which account for the great majority of the existing studies on academic performance.
ART twins born from 1995 to 1998 were less likely to be recorded with test scores compared with ART singletons and SC twins. Twins in general and especially ART twins were older when completing the ninth grade compared with singletons thus more of the twins born in 1997 and 1998 had not yet finished school at the time of data collection, which may be part of the explanation for the higher proportion of individuals with missing test scores among ART twins.
Sensitivity analyses on adolescents born in 1995-1997 showed no significant difference in the risk of missing test scores between ART singletons and twins, which supports the hypothesis that twins graduate from secondary school at a higher mean age and therefore fewer twins born in 1998 had passed at the time of data retrieval.
Another explanation could be linked to the poorer perinatal outcome of ART twins as more twins may have a mental or physical disability hindering them in finalizing secondary school.
The effect of prematurity on basic school achievement
Previous studies have found a negative association between preterm birth, low birthweight and later school performance (Shenkin et al., 2004) . This suggests that the negative effect of ART could be due to the higher proportion of children with poorer perinatal outcome in the ART cohort. However, including preterm birth and birthweight as covariates in our model did not change the estimated mean differences in test scores between ART and SC singletons, although the estimated effect of preterm birth and low birthweight confirmed the negative association. From this, we conclude that although preterm birth and low birthweight has a negative impact on basic school performance, the number of premature ART children is too small to influence the academic performance of the ART population overall.
Conclusion
We found that ART singletons had slightly lower overall adjusted mean test scores than SC singletons. ART twins had similar adjusted scores to SC twins. ART singletons and twins performed similarly in both the crude and adjusted analyses.
Parental education was the factor with the highest impact on academic performance of the adolescents with an adjusted mean difference in test scores on 2.05 when comparing ART and SC singletons from families with the highest and lowest educational levels. Although we found significant differences in the adjusted mean test scores between ART and SC singletons, the differences were small and probably not of clinical relevance, well knowing we were not able to adjust for unknown variables.
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